Abstract: The aim of the present article was to evaluate the association of N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) with contrastinduced nephropathy (CIN) and long-term outcomes in patients with chronic kidney disease (CKD) and relative preserved left ventricular function (LVF) undergoing percutaneous coronary intervention (PCI).
INTRODUCTION
C ontrast-induced nephropathy (CIN) is a significant and well-known complication in patients undergoing percutaneous coronary intervention (PCI). 1 Development of CIN after PCI is associated with poor clinical outcomes including increased rates of end-stage renal failure, and short-and long-term mortality. 2 Except for patients with clinical heart failure (HF) or low left ventricular ejection fraction (LVEF <40%), 3 CIN also occurs more frequently in patients with chronic kidney disease (CKD) and relative preserved left ventricular function (LVF). 4, 5 Currently, few agents have proven to be effective for treating CIN; therefore, identifying the patients at high risks of CIN before procedure is urgent, especially in patients with CKD and preserved LVF, as this population receives less attention compared with patients with clinical HF.
N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) is synthesized and secreted from the cardiac ventricular myocardium, in response to increased volume or pressure overload, or myocardial ischemia. [6] [7] [8] This marker is closely linked to poor hemodynamics, and is triggered by proinflammatory cytokines and activation of the renin-angiotensin-aldosterone system (RAAS), and sympathetic nervous system, 9 all of which play an important role in the development of CIN. 10 In addition, plasma B-type natriuretic peptide (BNP) is useful for predicting future cardiovascular events in patients with CKD in the general population. 11 Furthermore, NT-pro-BNP is strongly associated with prevalent left ventricular (LV) systolic dysfunction in CKD patients without clinical HF. available regarding the predictive value of NT-pro-BNP for CIN and long-term outcomes in patients with CKD and relative preserved LVF undergoing PCI. We aimed to investigate whether NT-pro-BNP is a risk factor for CIN and long-term outcomes in these patients.
MATERIALS AND METHODS

Ethics Statement
This study protocol was approved by the Guangdong General Hospital ethics committee and the study was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients before the procedure.
Patient and Study Design
We prospectively enrolled 1203 consecutive patients with CKD and preserved LVF undergoing PCI at Guangdong Cardiovascular Institute, Guangdong General Hospital, between March 2010 and July 2012. Inclusion criteria included an estimated glomerular filtration rate (eGFR) 90 mL/min/ 1.73 m 2 , LVEF !40%, and heart function classified as New York Heart Association (NYHA) I/II class at clinical assessment. Patients were excluded if they had a history of known chronic HF (NYHA >II), LVEF <40%, acute coronary syndrome (ACS) requiring primary or rescue PCI, cardiogenic shock, pregnancy, contrast medium (CM) allergy, CM exposure within the previous 7 days, or treatment with nephroprotective drugs or nephrotoxic drugs. We also excluded patients with renal transplantation, dialysis, severe hepatic insufficiency, or chronic respiratory problems.
Laboratory Investigations
Serum creatinine (SCr) was measured at admission and within 48 to 72 hours after CM exposure. NT-pro-BNP was measured using a chemoluminescent immunoassay kit (Roche Diagnostics, Grenzach Wyhlen, Germany) at admission (prior to PCI). We also measured blood urea nitrogen, high-sensitivity C-reactive protein (hs-CRP), creatine kinase MB, fasting glucose, electrolytes, fasting lipid profiles, albumin, and other standard clinical parameters on the morning of the day before the procedure. LVF was evaluated in all patients using echocardiography within 24 hours before the procedure. We evaluated eGFR using the 4-variable Modification of Diet in Renal Disease equation for Chinese patients. 13 
PCI and Medications
PCI was performed by experienced interventional cardiologists according to standard clinical practice using standard technique. We used nonionic, low-osmolar CM in all patients (either Iopamiron or Ultravist, both 370 mg I/mL). In addition, 0.9% normal saline at a rate of 1 mL/kg/h was administered intravenously approximately 12 hours before and 12 to 24 hours after exposure to CM. The use of antiplatelet agents (aspirin/ clopidogrel), b-adrenergic blocking agents, statins, angiotensin-converting enzyme inhibitors, and inotropic drugs was at the discretion of cardiologists according to clinical protocols based on interventional guidelines.
Clinical Follow-Up for Outcomes
All patients included in the study were subject to follow-up for !1 year. Follow-up events were carefully monitored and recorded by trained nurses using either outpatient clinical visits or telephone contact with the patients or their relatives after discharge.
The primary end point was the development of CIN, defined as an absolute increase in SCr !0.5 mg/dL from baseline within 48 to 72 hours after CM exposure (CIN 0.5 ).
14 Additional end points included other CIN criteria, which were defined as elevations of the SCr by 25% or 0.5 mg/dL (CIN 0.5 or 25% ) and 0.3 mg/dL (CIN 0.3 ) from the baseline, 15 all-cause mortality, and composite end points, including all-cause mortality, renal replacement therapy, nonfatal myocardial infarction, acute HF, target vessel revascularization, or cerebrovascular accident during in-hospital as well as follow-up.
Statistical Analysis
SPSS software (version 16.0; SPSS Inc, Chicago, IL) was used for all analyses. The continuous variables are described as the mean AE standard deviation or median. The categorical variables are expressed as absolute values (percentages). Comparisons of difference between groups were performed using Student t test or Wilcoxon rank sum test for continuous variables and x 2 or Fisher exact test for categorical variables. Because of the skewed distribution of admission NT-pro-BNP and hs-CRP concentrations, logarithmic transformation was performed. Multivariate logistic regression analysis was performed to determine if NT-pro-BNP is an independent predictor of CIN with different definitions after adjustment for significant clinical variables associated with CIN. The adjusted odds ratio (OR) and 95% confidence interval (CI) were calculated. Receiver operating characteristic (ROC) curve analysis was conducted to determine the best cutoff value of NTpro-BNP for detecting composite end points and CIN especially for CIN 0.5 , which is more sensitive because it more selectively recognizes those patients with a higher risk of mortality and morbidity. 14, 16 Differences in the area under the curve (AUC) between NT-pro-BNP and Mehran risk score were compared using MedCalc statistical software (MedCalc Software bvba, version 12.7.10, Ostend, Belgium). Cox proportional hazards regression was performed to evaluate independent predictors of major clinical adverse events (MACEs) by adjusting for factors that were significantly associated with clinical outcomes (including traditional risk factors, LVEF, and NT-pro-BNP). Survival analysis was performed using the Kaplan-Meier method and survival differences between patients with lg-NT-pro-BNP levels !2.73 or <2.73 pg/mL were compared using the log-rank test. All statistical tests were 2-tailed and statistical significance was accepted if P < 0.05. Patients with CIN were older, more likely complicated with hypoalbuminemia, and displayed relatively lower eGFR and LVEF, compared with patients without CIN. Increased NTpro-BNP and hs-CRP levels, as well as increased Mehran CIN risk scores, were more prevalent in patients with CIN than in patients without CIN. However, the prevalence of hypertension, diabetes, anemia, smoking, and CM volume did not significantly differ between groups (Table 1) .
RESULTS
Baseline Clinical Characteristics and In-Hospital Clinical Events
Compared with patients without CIN, patients with CIN exhibited a significantly higher rate of in-hospital mortality (1.6% vs 0.2%, P ¼ 0.029), and other in-hospital complications, such as requirement for renal replacement therapy (3.2% vs 0.2%, P < 0.001), intra-aortic balloon pump (7.9% vs 0.6%, P < 0.001), and acute HF (4.8% vs 0.8%, P ¼ 0.002) ( Table 2) .
Role of NT-Pro-BNP in CIN
Using univariate logistic regression analysis, lg-NT-pro-BNP was significantly associated with CIN (CIN 0.5 : OR ¼ 3.93, 95% CI, 2.22-6.97, P < 0.001; CIN 0.5 or 25% : OR ¼ 2.09, 95% CI, 1.46-2.98, P < 0.001; CIN 0.3 : OR ¼ 2.93, 95% CI, 2.00-4.29, P < 0.001). Additional significant variables included older Mehran score: model to define CIN by Mehran et al. Anemia was defined using World Health Organization criteria: baseline hematocrit value <39% for men and <36% for women. Hypoalbuminemia was defined as the serum albumin <35 g/L. ACEI/ARB ¼ angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, CABG ¼ coronary artery bypass grafting, CIN ¼ contrast-induced nephropathy, defined as elevations of the SCr by 25% or 0.5 mg/dL from the baseline, DBP ¼ diastolic blood pressure, eGFR ¼ estimated glomerular filtration rate (mL/min/1.73 m ROC analysis revealed that the AUC of the predictive performance of CIN 0.5 , based on the previous risk score system suggested by Mehran et al, 17 was 0.790 (95% CI, 0.69-0.89, P < 0.001), whereas the AUC (0.754, 95% CI, 0.67-0.84, P < 0.001) for NT-pro-BNP levels was similar to the Mehran risk score (P ¼ 0.508). Similar results were demonstrated for other definitions of CIN (Table 4) . Moreover, NT-pro-BNP and the Mehran risk score for composite end point display similar good predictive value (AUC: 0.716, 95% CI, 0.64-0.80, P < 0.001; 0.754, 95% CI, 0.66-0.85, P < 0.001, respectively, P ¼ 0.359). In addition, the best cutoff lg-NT-pro-BNP value for detecting CIN 0.5 was 2.73 pg/mL with 73.1% sensitivity and 70.0% specificity (Figure 2) . Compared with patients with low-NT-pro-BNP (<2.73 pg/mL), patients with high-NT-pro-BNP (!2.73 pg/ mL) displayed significantly higher rates of CIN 0.5 (5.0% vs 0.8%, P < 0.001), CIN 0.5 or 25% (8.2% vs 3.9%, P < 0.001), CIN 0.3 (9.0% vs 2.9%, P < 0.001), and composite end points (6.3% vs 1.9%, P < 0.001) (Figure 1 ).
Association Between NT-Pro-BNP, CIN, and Composite End Point
Clinical outcome during a mean of 26 months of follow-up was available for 1063 patients (88.4%). Composite end points occurred in 56 patients, including 42 patient deaths, 6 cases of acute HF, 4 cases of nonfatal myocardial infarction, and 4 cases of ischemic stroke. To identify the independent predictors of future outcomes, multivariate Cox regression analysis was performed with factors including age, anemia, diabetes, hypertension, hyperlipidemia, smoking, hypoalbuminemia, eGFR, multivessel diseases, and lg-NT-pro-BNP. Lg-NT-pro-BNP !2.73 pg/mL remained a significant predictor of all-cause mortality (hazard ratio ¼ 2.76, 95% CI, 1.22-6.22, P ¼ 0.015) ( Table 5 ). Based on the Kaplan-Meier analysis, clinical outcomes, including all-cause mortality and composite end points, were significantly worse in patients with lg-NT-pro-BNP !2.73 pg/ mL compared with those in patients with lg-NT-pro-BNP <2.73 pg/mL (both P < 0.001) (Figure 3 ). For patients with 60 < eGFR 90 mL/min/1.73 m 2 , outcome was significantly worse in patients with lg-NT-pro-BNP !2.73 pg/mL compared with that in patients with lg-NT-pro-BNP <2.73 pg/mL (cumulative rate of mortality 3.3% vs 1.2%, P ¼ 0.029; Figure 4 ). For patients with eGFR 60 mL/min/1.73 m 2 , Kaplan-Meier analysis also indicated a significantly worse prognosis in subjects with lg-NT-pro-BNP !2.73 pg/mL compared with that in patients with lg-NT-pro-BNP <2.73 pg/mL (cumulative rate of mortality 13.6% vs 3.4%, P ¼ 0.029; Figure 4 ).
Both CIN definitions were related to all-cause mortality evaluations at follow-up. Patients who developed CIN 0.5 displayed a higher rate of all-cause mortality compared with those who did not (cumulative rate of mortality 19.2% vs 3.2%, P < 0.001) or those who developed CIN 0.5 or 25% and CIN 0.3 ( Figure 5 ).
DISCUSSION
The present study indicates that measurement of NTpro-BNP at admission is associated with the development of various definitions of CIN, and poor in-hospital and long-term outcomes in patients with CKD and relative preserved LVF undergoing PCI. Moreover, NT-pro-BNP !537 pg/mL is a significantly good predictor of CIN and composite end points during follow-up.
Patients with CKD but without clinical HF will often be considered as patients at low risk of CIN and be ignored to some degree in clinical practice; for example, the appropriate use of fluids for these patients without clinical HF might be overlooked. However, such patients are also at high risk of CIN and poor outcomes after PCI. Koo et al 4 indicated that CIN occurred in 7.8% of patients with LVEF !40% and mean of eGFR 74.5 AE 20.5 mL/min/1.73 m 2 . In addition, Pyxaras et al 5 demonstrated that the CIN incidence was up to 15% in patients with LVEF !40% and CKD, which was defined as an eGFR 60 mL/min/1.73 m 2 . Therefore, there is a need to identify asymptomatic or minimally symptomatic patients (NYHA I/ II class) with preserved LVEF and CKD who are at risk for CIN.
NT-pro-BNP is a well-established predictor of short-and long-term outcomes (regardless of LV systolic function) in numerous clinical conditions, including stable coronary artery disease, 18 ACS, 19, 20 and essential hypertension. 21 Recently, NT-pro-BNP was demonstrated to be a valuable biomarker for assessing prognosis in patients with CKD (with or without HF) and even the general population. 11, 12, 22, 23 Our findings supplement these observations by demonstrating that NT-pro-BNP, especially NT-pro-BNP !537 pg/mL, retains independent predictive value for CIN in patients with CKD and preserved LVF, even after adjusting for potential confounding factors. The NT-pro-BNP predictive accuracy for CIN as defined by various definitions in our study (CIN 0.5 : AUC ¼ 0.754, 95% CI ¼ 0.73-0.79, P < 0.001) was similar to that reported in recent study about investigating NT-pro-BNP for early prediction of acute kidney injury (AKI) in community-acquired pneumonia. 24 Furthermore, the predictive value of NT-pro-BNP for CIN is 
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Composite end point similar to the classic Mehran CIN score (P ¼ 0.508). However, Mehran risk score includes many procedural factors, such as the type and volume of CM, and are not convenient in clinical practice and could not be used to evaluate the risk of CIN before PCI. NT-pro-BNP, as a simple and sensitive marker, is readily obtainable before the procedure, and may be important and useful for clinicians to rapidly evaluate individual patient risk for developing CIN before PCI. In 2 previous studies on patients presenting with STsegment elevation myocardial infarction (STEMI), the authors reported that BNP measurements at admission enhanced the identification of patients at risk for developing CIN after PCI. 25, 26 In another study of patients undergoing elective cardiac surgery, preoperative BNP marginally improved classification for risk of AKI. 27 More recently, Moltrasio et al analyzed the relationship between BNP and risk of AKI defined by Risk, Injury, Failure, Loss, and End-stage kidney disease (RIFLE) classification in patients with ACS. They found that BNP was associated with AKI as well as its severity in patients with ACS. 28 However, these studies reported BNP instead of NT-pro-BNP levels. NT-pro-BNP levels may have analytical advantages over BNP, given the enhanced stability due to a longer half-life, which allows for increased accumulation and potentially greater sensitivity for detecting more subtle structural and functional changes. 29 In addition, they did not report the effects of BNP on long-term outcomes (except 6-month mortality), 25 but our study provided additional information regarding the effects of NT-pro-BNP on long-term mortality in patients with CKD and preserved LVF. Moreover, previous studies almost included STEMI or non-STEMI patients. In fact, SCr changes in these patients were mainly the result of acute hemodynamic impairment rather than a direct effect of CIN. 30 However, we focus our main investigation of NT-pro-BNP and CIN in patients with relative preserved LVF to limit the confounding effect of patients with renal impairment secondary to hypotension possibly associated with reduced LVF. Accordingly, the underlying comorbidities and exposure to CM may play a major role in the development of CIN in our study. Although the pathophysiological mechanism of high NTpro-BNP and CIN remains ill-defined and poorly understood, multiple important mechanisms may be involved. Previous studies reported that anemia is an independent predictor for elevated NT-pro-BNP via downregulation of NT-pro-BNP clearance receptors adapted to hypoxia caused by anemia. Our study also demonstrated that anemia and low serum hemoglobin are more prevalent in patients with high NT-pro-BNP. Reduced serum hemoglobin can decrease the oxygencarrying capacity of blood. 31, 32 CM could increase the oxygen affinity of hemoglobin and decrease oxygen delivery to the renal tissues, especially in patients with anemia, resulting in renal medullary hypoxia and CIN aggravation. Therefore, anemia is associated with CIN and may influence the relationship between NT-pro-BNP and CIN. However, the relationship should be interpreted with caution, because we found that patients with anemia had relatively lower LVEF than patients without anemia (60.9 AE 9.3 vs 62.2 AE 9.1, P ¼ 0.027). Even if it shows small differences, it might also influence the incidence of CIN.
In addition, both the activation of RAAS and sympathetic nervous system involved in the development of CIN are known to stimulate NT-pro-BNP. The increased activity of the RAAS in patients with CKD and even in the very early, clinically asymptomatic stages of chronic HF may influence NT-pro-BNP concentrations, because RAAS increases the level of circulating vasoconstrictive neurohormones (including catecholamines and angiotensin II), and elevates systemic vascular resistance. NT-pro-BNP can be induced by these neurohormones in cardiac myocytes and counteract water and sodium retention caused by activated RAAS. Thus, high NT-pro-BNP concentration reflects the high degree of activated RAAS, and may be responsible for systemic vasodilation and renal hypoperfusion, which in turn potentiates CIN.
Furthermore, NT-pro-BNP is found to be increased in a model of systemic inflammation in healthy men with normal HF. 33 Proinflammatory cytokines, such as interleukin-1 or 6, and Tumor necrosis factor-a, induce NT-pro-BNP secretion from cultured myocytes in vitro. 9, 34 Moreover, Lazzeri et al reported that NT-pro-BNP is correlated with CRP-determined inflammation. High hs-CRP is also concomitant with high NTpro-BNP levels in patients, which is consistent with the result of present study. 35 Our recent study showed that hs-CRP, as a marker of systemic inflammation, is strongly associated with CIN. 36, 37 Thus, NT-pro-BNP levels appear to reflect the extent of systemic inflammation, which is an important contributor to CIN pathogenesis.
Neutrophil gelatinase-associated lipocain (NGAL), a marker of acute renotubular damage, is a powerful predictor of early CIN. 38 A recent study reported that patients with high levels of NT-pro-BNP also display high NGAL levels and are more prone to develop AKI. 39 It can be speculated that high NT-pro-BNP levels may be associated with CIN through these mechanisms.
In addition, we demonstrated that patients with CIN displayed worse long-term outcomes. Patients who developed CIN 0.5 had a higher risk of hard clinical end points, which is consistent with recent studies.
14, 16 The results of our multivariate analysis demonstrated that elevated NT-pro-BNP is strongly associated with higher prevalence of all-cause mortality, even after adjustment for possible confounding factors, in patients with CKD and preserved LVF. In addition, this might be the first study to confirm the best cutoff value of NTpro-BNP to estimate the risk of CIN with different definitions and all-cause mortality. Therefore, careful risk stratification by using NT-pro-BNP levels could identify patients who would benefit the most from specific treatment strategies and make it possible to avoid overtreating low-risk patients with limited available resources.
STUDY LIMITATIONS
There are several limitations to this study. First, this is a prospective, observational study that was conducted in a single center. Validation of the NT-pro BNP cutoff to predict CIN is required in other cohorts or at other centers. Second, our study population was limited to CKD patients with preserved LVF; therefore, the conclusions cannot be extended to patients without CKD or with CKD and decreased LVF. Third, due to variations in time measurement, we may have missed peak SCr values that occurred after the procedure. In addition, we did not measure cystatin C, which is the more sensitive biomarker that increases faster than SCr after CIN. Thus, the true incidence of CIN may have been underestimated. Fourth, SCr levels were not systematically measured during the follow-up period.
CONCLUSIONS
Our results demonstrate that NT-pro-BNP, as a simple and sensitive marker, is readily obtainable before the procedure, and displays a good predictive power for various definitions of CIN beyond traditional risk factors and poor clinical outcomes in CKD patients with preserved LVF undergoing PCI. Patients with NT-pro-BNP !537 pg/mL have a significantly higher probability of developing CIN or death during the follow-up. Future studies are warranted to determine whether treatment strategies guided by NT-pro-BNP levels could reduce CIN and MACE in this patient population treated with PCI.
